Many naturally occurring peptides exhibit lipopolysaccharide binding properties. In this work we describe the endotoxin binding properties of a series of 23-residue peptides based on the sequence corresponding to the antisense strand of the magainin gene. Biochemical and biophysical characterization of these peptides reveals that they have the tendency to perturb both the inner and outer membranes of test pathogens. Structurally these peptides are amphiphilic and adopt helical conformations in membranes. Three of the seven peptides tested have high affinities for endotoxin that approach the values shown by polymyxin B, a cyclic cationic acylated decapeptide, which is used clinically in treating extreme cases of sepsis. The kinetic parameters obtained using stopped-flow methods and BIAcore TM analysis, when considered in conjunction with the isothermal titration calorimetry-derived thermodynamic parameters, allow us to highlight the key structural features essential for lipopolysaccharide (LPS) recognition by these peptides. The studies stress the role of ionic forces in the initial recognition of LPS. The fortification of the strength of these ionic charges increases affinity for LPS, whereas the hydrophobic residues involved in interactions are more amenable to disruptions in contiguity. Peptides that improve these features further are expected to perform better as endotoxin-neutralizing agents.
Many naturally occurring peptides exhibit lipopolysaccharide binding properties. In this work we describe the endotoxin binding properties of a series of 23-residue peptides based on the sequence corresponding to the antisense strand of the magainin gene. Biochemical and biophysical characterization of these peptides reveals that they have the tendency to perturb both the inner and outer membranes of test pathogens. Structurally these peptides are amphiphilic and adopt helical conformations in membranes. Three of the seven peptides tested have high affinities for endotoxin that approach the values shown by polymyxin B, a cyclic cationic acylated decapeptide, which is used clinically in treating extreme cases of sepsis. The kinetic parameters obtained using stopped-flow methods and BIAcore TM analysis, when considered in conjunction with the isothermal titration calorimetry-derived thermodynamic parameters, allow us to highlight the key structural features essential for lipopolysaccharide (LPS) recognition by these peptides. The studies stress the role of ionic forces in the initial recognition of LPS. The fortification of the strength of these ionic charges increases affinity for LPS, whereas the hydrophobic residues involved in interactions are more amenable to disruptions in contiguity. Peptides that improve these features further are expected to perform better as endotoxin-neutralizing agents.
In circulation, minute quantities of lipopolysaccharides (LPS), 1 the major component of Gram-negative bacterial envelopes, lead to a common but often fatal disease called septic or endotoxic shock (1) (2) (3) (4) (5) . Endotoxic shock is characterized by hypotension, coagulapathy, and circulatory failure, which finally culminate in multiple system organ failure (1, 6 -9) . Although still in circulation, LPS complexed with lipopolysaccharidebinding protein is recognized by CD14 receptors on macrophages/monocytes and neutrophils, which set in motion a cascade of events leading to sepsis (10 -16) . Sepsis, being a complex combination of both local and systemic inflammatory responses, requires a multipronged interventional strategy to contain the various phases of disease progression (16, 17) . Of the many interventional modalities, the sequestration of LPS by small peptides or proteins is quite an attractive one, and indeed many naturally occurring peptides (such as magainins, cecropins, bombins, mellitins, etc.) have intrinsic LPS binding activity (16 -20) .
Most of these peptides form amphipathic ␣-helices. Although their cationic nature facilitates their anchorage to the negatively charged bacterial surface, their amphiphilicity and high helical propensity promote their formation of helices in membranes. The insertion of such amphipathic helices in membranes underpins their membrane disruption activity (21) (22) (23) (24) (25) .
Among the naturally occurring antibacterial peptides, magainins display activity against not only the Gram-positive and Gram-negative bacteria but also against protozoa. Many analogs of magainins, including those corresponding to the antisense strand of its gene, have been synthesized (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) . We report here the design of novel analogs of magainins with improved amphiphilicity and the tendency to adopt the ␣-helical motif in a membrane-bound environment. The peptides were evaluated for antimicrobial activity, helicity, membrane permeability, and hemolytic activity, which are compared with the properties of polymyxin B, one of the most commonly used agents for combating endotoxic shock (31) (32) (33) (34) . Interestingly, these studies highlight the importance of the contiguity of the surface-exposed positive charges and amphiphilic ␣-helicity with antimicrobial-and endotoxin-compromising activity (31) .
EXPERIMENTAL PROCEDURES
Materials-LPS and lipid A (from Escherichia coli 55:B5, 111:B4), polymyxin B, lysosyme, 1-N-phenylnapthylamine (NPN), and O-nitrophenyl-␤-D-galactoside were obtained from Sigma. 5-Dimethylaminonaphthalene-1-sulfonyl (dansyl)-PMB was prepared as described earlier (35) . All other reagents used in the study were of the highest available purity. Milli Q water was used to prepare all solutions.
Peptide Synthesis-Peptides were synthesized using Fmoc (N-(9-fluorenyl)methoxycarbonyl) chemistry on a NovaSyn semimanual peptide synthesizer and cleaved from the p-hydroxymethylphenoxymythylpolystyrene resin using 1,2-ethanedithiol (0.15 ml), deionized water (0.5 ml), and trifluoroacetic acid (10 ml). The peptides thus obtained were purified using a VYDAC reverse phase C18 high pressure liquid chromatography column in an acetonitrile/water gradient containing 0.1% trifluoroacetic acid. The peptides were labeled with the dansyl group by passing dansyl chloride in dimethylformamide over the peptide-bound resin prior to cleavage and deprotection. The dansyl peptides complexed to LPS had an emission maximum at 495 nm when excited at 340 nm. The peptides and their dansylated derivatives were checked for purity by mass spectrometry using a Kratos matrix-assisted laser desorption ionization time-of-flight system.
Preparation of LPS Samples-LPS from E. coli strain 55:B5 was purified further as described earlier (36) . All the LPS/lipid A samples in the appropriate buffer were vortexed for 10 min at 70°C and mixed with equimolar quantities of triethylamine with respect to the anionic groups in those samples. Samples were sonicated at room temperature using a Braun sonicator for 5 min prior to use.
Quantification of Endotoxin and Peptides-Endotoxin in the samples was quantified by the Limulus amoebocyte lysate assay in pyrogen-free water using LPS from Endosafe™ as the standard according to the method of Yin et al. (37) . The concentrations of the peptides were determined by amino acid analysis using Waters Pico-TagTM systems, whereas those of PMB and polymyxin B nonapeptide were determined by molar absorbance and weight, respectively (36) .
Determination of Minimum Inhibitory Concentration of the Peptides for Their Antimicrobial Activity-The minimum inhibitory concentration values of each peptide were determined with different microorganisms by the broth dilution method. Briefly, each peptide was serially diluted in a 96-well plate, and the wells were inoculated with 15 l of ϳ10 5 colony-forming units/ml of the test organism. The plates were covered and incubated at 37°C overnight. The lowest concentration at which the peptides inhibited microbial growth completely was taken to be the minimum inhibitory concentration value.
Measurement of Hemolytic Activity-Freshly collected rabbit blood containing heparin was centrifuged and washed to remove the buffy coat, and cells were washed four times in 0.85% saline. Serially diluted peptides in saline were prepared and added to red blood cells and incubated for 1 h at 37°C. The extent of hemolysis was monitored by the increase in absorbance at 600 nm.
Displacement of Dansyl-PMB from LPS-Peptides were added to LPS solutions (5 g/ml and 3.5 M dansyl-PMB) in 1 ml of 5 mM sodium phosphate, pH 7.2, containing 150 mM NaCl (PBS buffer), and the loss in fluorescence was recorded. A plot of the inverse of the percent inhibition as a function of the inverse of the inhibitor concentration gave the IC 50 value (i.e. the inhibitor concentration causing 50% displacement of the bound dansyl-PMB from the LPS lamellae).
Assays for Permeabilization of the Membrane-To study the permeabilizing ability of the peptides on the outer membrane, E. coli (UB1005) cells (in overnight culture, diluted in LB and grown to an OD of 0.7 at 600 nm) were suspended in 5 mM HEPES buffer, pH 7.0, containing 5 mM KCN. NPN (with an overall concentration of 10 mM) was added to 1 ml of these cells, and the basal fluorescence was recorded. Varying concentrations of peptides were then added to the solution, and the increase in fluorescence was recorded as a function of time. To study the uptake of lysozyme, 500 l of cells were mixed with 50 l of the lysozyme and varying concentrations of peptides. To ensure that the uptake of NPN and lysozyme is being monitored specifically, all the control experiments were conducted as prescribed (38, 39) . Inner membrane permeabilization was determined by the measurement of ␤-galactosidase activity in E. coli ML-35 using O-nitrophenyl-␤-D-galactoside as the enzymatic substrate. Log phase cells were suspended in 1 ml of 10 mM sodium phosphate buffer containing 100 mM NaCl after extensive washing with the same. O-Nitrophenyl-␤-D-galactoside was added to the solution to make the effective concentration 1.5 mM. At zero time different peptides were added to the solution, and the production of O-nitrophenol was monitored as a function of time at 420 nm (41) .
CD Measurements-All CD measurements were performed in a Jasco J-715 spectropolarimeter interfaced to a microcomputer for automatic data collection and analysis. The data were collected with a bandwidth of 1 nm, response time of 8 s, and scan speed of 10 nm/min. Each data point was an average of 4 accumulations. CD measurements were made in PBS both in the presence and absence of liposomes (L-␣ -dimyristoylphosphatidylcholine/LPS or L-␣-dimyristoylphosphatidylcholine/ lipid A, 8:2). The effective concentrations of the peptide and liposome were 4 m and 3 mM, respectively. The machine was calibrated using an aqueous solution of d-10-(ϩ)-camphorsulfonic acid at 290.5 nm. The data are reported as mean residue ellipticity.
Fluorescence Measurements-All fluorescence measurements were made using a Jasco FP-777 spectrofluorimeter. A slit width of 5 nm for both the monochromators was used. The samples and the cell were maintained at a constant temperature (Ϯ0.1°C) using a Lauda water bath. Averages of 10 measurements were taken for each reading.
Isothermal Titration Calorimetry (ITC)-All the ITC experiments were performed as previously reported by Srimal et al. (36) using an OMEGA MicroCal Inc. high sensitivity microcalorimeter. A typical titration involved 15-20 injections at 3-min intervals consisting of 4-l aliquots of peptide solution into the sample cell (volume, 1.344 ml) containing lipid A (50 mM). The titration cell was stirred continuously at 400 rev/min. The molecular mass of LPS was taken to be 20,000 Da. The heats of dilution of the peptides in the buffer alone were subtracted from the titration data. The resulting data were then analyzed to determine the binding stoichiometry (n), the association constant, and the enthalpy change (⌬H b 0 ) as described earlier (37) . ⌬G b 0 and ⌬S b were calculated from the fundamental equation of thermodynamics.
Fast Reaction Kinetic Studies-Fast reaction kinetic experiments in the fluorescence mode were performed on an Applied Photophysics (Leatherhead, UK) SX.18MV stopped-flow apparatus . The dead time of the instrument was measured as described by Tonomura et al. (41) and was found to be 1.2 ms. For dansyl peptide-LPS interactions the samples were excited at 340 nm, and emissions were monitored beyond 420 nm by means of a cut-off filter at right angles to the excitation beam. The sample syringes and the cell were maintained at a constant temperature (Ϯ0.1°C) by means of a Lauda water bath through jackets surrounding the cell and syringes. Unless otherwise stated, all measurements were made in PBS (50 mM sodium phosphate, pH 7.2, containing 150 mM NaCl). For measuring the effects of ionic strength on the kinetic parameters, experiments were conducted by adding varying concentrations of NaCl. All traces are the cumulative average of 5-10 successive kinetic profiles. The analyses of the stopped-flow traces were done by curve fitting using the Marquardt algorithm based on the routine curves. All curves were fitted to mono-, bi-, and triexponential equations with floating end points. All curve fitting and subsequent analysis was done on an ARCON 5000 RISC work station supplied by the manufacturer.
Surface Plasmon Resonance Analysis-Binding kinetics were determined by surface plasmon resonance analysis using a BIAcore TM 2000 biosensor system. The peptides were covalently immobilized on the certified grade CM5 sensor chips at concentrations of 40 g/ml in 10 mM sodium acetate, pH 4.8, using the amine coupling kit supplied by the manufacturer. Nearly 400 -500 resonance units of the peptides were immobilized under these conditions in which 1 resonance unit corresponds to an immobilized peptide concentration of ϳ1 pg/mm 2 . The unreacted moieties on the surface were blocked with ethanolamine. All measurements were carried out in 10 mM HEPES, pH 7.4, 150 mM NaCl, and 3.4 mM EDTA. For the determination of on rates, LPS (25-125 nM) flowing at the rate of 5 l/min in the same buffer was used. Off rates were evaluated by passing a solution of 1 mM PMB in the same buffer at a flow rate of 50 l/min. The surface was regenerated by a 10-s pulse of 10 mM NaOH flowing at 50 l/min. Lipid A containing monolayers and liposomes was prepared as described previously (34) . The monolayers and tethered liposomes were washed repeatedly with running buffer prior to use.
Surface Plasmon Resonance Data Analysis-Association (k 1 ) and dissociation (k Ϫ1 ) rate constants were obtained by nonlinear fitting of the primary sensorgram data using the BIA evaluation 3.0 software. The dissociation rate constant is derived using the equation
where the R t is the response at time t, R t0 is the amplitude of the initial response, and k Ϫ1 is the dissociation rate constant. The association rate constant k 1 can be derived using Equation 2 from the measured k Ϫ1 values.
where R t is the response at time t, R Max is the maximum response, C is the concentration of the analyte in the solution, k on is the association rate constant, and k off is the dissociation rate constant. K a (k 1 /k Ϫ1 ) is the association constant, and
is the dissociation constant.
RESULTS
Antimicrobial Activity-The inset of Fig. 1 shows the sequence of the peptides used in the study and their serial numbers. The typical minimum inhibitory concentration values of the peptides used in the study are shown against various Gram-negative bacteria in Table I . Peptides 1, 2, and 3 among these peptides were found to have the highest antimicrobial activity.
Hemolytic Activity-Peptides 1,2, and 3 were found to be highly hemolytic with peptide 7 being poorest as a hemolysin, whereas peptide 4 was moderately so. However, their hemolytic activity was lower than that of PMB (Fig. 1, light gray  bars) .
Displacement of Dansyl-PMB from LPS-The displacement of dansyl-PMB from its complex with LPS has been proven to be an excellent probe for identifying cationic binding sites on both the endotoxin as well as whole bacterial cells. The dansyl group exhibits high fluorescence in the bound state, which declines upon displacement by other ligands that compete for the same binding site(s). Peptides 1, 2, and 3 display the highest degree of fluorescence quenching, whereas peptide 7 displays the lowest degree and peptides 4,5, and 6 display moderate degrees. Interestingly the activities of peptides 1 and 3 approach that of PMB (Fig. 1, black bars) .
Membrane Permeabilization by Peptides-Gram-negative species of bacteria have two membranes separating the cytoplasmic and periplasmic contents. The ability of peptides to permeabilize often determines their antimicrobial activity. 
Kinetic and Thermodynamic Analysis of Peptide-Endotoxin Interactions
NPN has weak fluorescence in the aqueous medium, which increases in the hydrophobic environment of the membrane. Normally NPN is excluded by the bacterial cells. Permeabilization of their outer membranes facilitates the uptake of NPN by the inner membranes. Hence the fluorescence of NPN increases considerably, which indicates the extent of permeabilization. Thus the permeabilization of the outer membrane of bacteria by peptides shows that among the peptides, peptides 1-3 disrupted the outer membrane more effectively (Fig. 2) . The degree of cell disruption because of the action of lysozyme was monitored by a decrease in the A 600 as a function of the peptide concentration. Peptides 1,2,3, and 4 facilitated this uptake at a minimum concentration of 10 g/ml, whereas PMB was able to achieve the same at 0.8 g/ml. Peptides 5 and 6 did not induce lysozyme uptake, whereas peptide 7 facilitated uptake only above 15 g/ml (40) .
Inner membrane permeabilization was also determined by the unmasking of cytoplasmic ␤-galactosidase in a permeasenegative mutant. The lag time for the unmasking of ␤-galactosidase was ϳ1 min after the addition of the peptides. Thus peptides 1, 2, 3, 4, and 7 exhibited both inner and outer membrane permeabilization and facilitated the lysozyme uptake. Peptides 5 and 6 were relatively ineffective.
Circular Dichroism-In the absence of liposomes or trifluoroethanol, all peptides tested showed a characteristic unordered structure, whereas in the presence of liposomes containing LPS or lipid A, the peptides exhibited a maxima of ϳ208 and 220 nm (Fig. 3) .
Isothermal Titration Calorimetry-Isothermal titration calorimetric measurements yielded binding constants (K a ) in the range of 1.2 ϫ 10 6 to 2.1 ϫ 10
M
Ϫ1 with endothermic changes in enthalpies in the range of 2.7-27 kJ/mol for the binding of these peptides to lipid A (Fig. 4 and Table II) . Peptide 1, which exhibited the maximal antimicrobial activity, also exhibits the maximum affinity for LPS and lipid A in the ITC experiments. This trend is also followed by other peptides (Table II) . From the temperature dependence of the change in enthalpies, negative changes in the heat capacities for the interactions of these peptides with the endotoxin are observed.
Stopped-flow Kinetics-As shown in Fig. 5 , when dansylated peptides are titrated with increasing concentrations of endotoxin, their fluorescence increases progressively with time. All the peptides associated and dissociated from lipid A in a monoexponential manner. Kinetically determined K a (K a ϭk 1 /k Ϫ1 ) values correlated well with those obtained by ITC (Table III) . The temperature dependence of the reaction shows that lipid A does not undergo any major phase variation in the temperature range used.
BIAcore TM Studies-A typical sensorgram for the binding of the varying concentrations of peptide 2 to endotoxin containing monolayers is shown in Fig. 6 . The occurrence of a rapid enhancement in the resonance units on the association of peptide 2 to the lipid monolayer with time reflects the accompanying changes in the mass during the reaction. The fit of the sensorgram gives the association and the dissociation rates for the interaction of lipid A with the peptide as 3.2 ϫ 10 5 M Ϫ1 s Ϫ1 and 0.092 s Ϫ1 , respectively. The distributions of the residuals indicated that the time dependence of resonance units for both the association and the dissociation reactions is fitted satisfactorily to a monoexponential reaction. Peptides 1 and 2 have the highest affinity for lipid A (Table IV) . The values of K a for peptide-endotoxin interactions are lower in experiments in which the peptides were covalently linked to the CM-5 dextran surface and endotoxin was perfused over them. DISCUSSION A number of peptides recently have been identified and characterized in terms of their antibacterial activity and structure. In many cases minor variations in their amino acid composition or sequence have been found to either increase or abrogate their activities. In this study we have incorporated changes in their amino acid sequence at defined positions to probe the role of amphiphilicity, helicity, and hydrophobicity for LPS/lipid A binding with the aim of rationalizing their antibacterial activity.
ITC experiments show that the binding of these antibacterial peptides with endotoxin is entropically driven, indicating the dominance of hydrophobic interaction for these reactions. Negative values of ⌬Cp attest further to the primacy of hydrophobic forces in the overall stabilization of the endotoxin-peptide complex. The role of hydrophobic forces in the above is supported also by the examination of their amphipathic helical propensity wherein an excellent correlation between their hydrophobicities with their thermodynamic parameters is observed i.e. peptides with poor hydrophobicities yield diminished ⌬H and ⌬Cp values. The thermodynamics of the association reaction of these peptides with lipid A show that the changes in enthalpy and entropy are compensatory in nature. The compensatory effect is often exhibited by many protein-ligand interactions wherein the experimental conditions are fixed and the structure of the ligand is varied. The observation of enthalpy entropy compensation suggests that all these peptides recognize lipid A in a similar manner. Stopped-flow fluorescence studies show that dansylated peptides bind to lipid A and dissociate from the latter in a monophasic manner. Thus the overall pathway for the reaction of these peptides with endotoxin is best described by
TABLE III Stopped flow kinetics of the interaction of lipid A with peptides
where P is the peptide, L is lipid A, and PL f is the final peptide lipid A complex. Thermodynamic parameters determined kinetically are in agreement with those obtained by ITC experiments. Hence the occurrence of any additional step(s) that we are not observing but which contribute significantly to the overall energetics of the system can be ruled out, viz the kinetic data span the reaction in its entirety. Surface plasmon resonance experiments are invaluable for dissecting out the kinetics and mechanism involved in biologically relevant ligand-macromolecule interactions. The experiments in which peptides are immobilized and lipid A is perfused over them show a slightly diminished association and faster dissociation kinetics leading to slightly lower values of K a as compared with experiments in which lipid A is immobilized and peptides are perfused over it. This could be related to the differential accessibility of peptide segments upon immobilization, viz the peptide may adopt a slightly different and restricted conformational state leading to diminished lipid A binding activity. These restrictions are not apparently imposed when the peptides are injected over the tethered liposomes or monolayers that contain lipid A. The studies also indicate that there are no changes in the affinity of these peptides to LPS/ lipid A bearing liposomes or monolayers, indicating that the peptides appear to recognize endotoxin in a similar fashion despite a difference in the mode of their presentation, i.e. as monolayers or bilayers.
Recently we have shown that PMB recognizes LPS in a biphasic manner and also that PMB is able to specifically "take off " lipid A from both liposomes and monolayers (33) . None of the peptides tested in the study have this important property of PMB (33) . Imparting them with this property of PMB should help in improving their efficacy. The circular dichroism studies show that the peptides adopt a helical structure in the presence of lipid A containing liposomes as well as in the presence of helix promoters such as SDS and trifluoroethanol (Fig. 3) . Many biologically active antibacterial peptides such as andropins, cecropins, sarcotoxin, etc. adopt a helical structure with clear amphiphilicity in the presence of membranes (21) (22) (23) . The helical conformations of these peptides allow them to disrupt the membrane structure in general by channel formation, which in turn disrupts proton motive force as well as induces the leakage of cell components, leading to cell death.
All peptides used in the study have been designed in a manner such that in a helical conformation one face of the helix is entirely made of charged residues, whereas the opposite face is made up of hydrophobic residues. The reference peptide (peptide 3) exhibits this property and hence displays very good antimicrobial activity (Table I ). This peptide also has a high affinity to lipid A. Peptide 1, in which a leucine at the 14 th position of peptide 3 (the reference peptide) is changed to a threonine residue, shows even higher bioactivity and affinity for lipid A in comparison. Inspection of the helical wheel diagram (Fig. 7) shows that hydrophilic patch is extended by this substitution while retaining substantial hydrophobicity, which perhaps explains its higher affinity for the endotoxin. Peptide 2, which has two changes (N4K and N22K) introduced into the reference peptide (peptide 3), shows higher activity than the latter. However, its activity is compromised when compared with peptide 1. Thus the replacement of Asn by a more polar Lys increases the activity of the peptide by almost 2-fold. Peptide 7, which incorporates a change of lysine to a proline at position 4, shows the lowest affinity to endotoxin as well as the least antimicrobial activity. Proline substitution compromises the activity by disrupting the contiguous array of positive charges in the peptide. These observations suggest the significance of ionic forces in the LPS recognition by this family of linear peptides.
The second set of peptides has changes that incorporate breaks in the contiguity of the hydrophobic patch that do not seem to affect dramatically the binding affinities, e.g. peptide 4, which has the change L13T, has diminished antimicrobial activity in comparison with the reference peptide (peptide 3), but the lipid A affinities are still comparable. Likewise, peptide 5, in which the hydrophobic patch is disrupted at two residues by the changes L10T and L13T, shows nearly similar affinities for lipid A as those of the L13T peptide. Peptide 6, which has the highest number of disruptions (L9T, L10T, and L13T) in the hydrophobic patch, shows only slightly lowered affinity for lipid A when compared with peptides 4 and 5. Thus these peptides can tolerate breaks in the continuity of the hydrophobic patch and still retain lipid A binding property but exhibit dramatic loss in their activities when their polar face is tampered with.
CONCLUSIONS
We have demonstrated that peptides derived from the antisense strand of the magainin gene exhibit high affinity toward LPS and lipid A. Peptides 1 and 2 have affinities for LPS and lipid A that approach that of PMB. The biochemical assays show that these peptides enforce their antimicrobial activity by disrupting both the inner and the outer membranes of the pathogenic organisms. The biophysical characterization of the interactions stresses the vital role of the ionic charges in the initial binding and the role of the hydrophobic forces in membrane disruption activity. Peptides possessing the ability to bind to LPS have always been alluring targets as potential leads for combating bacterial infections because of their lower antigenicity and better pharmacokinetics as compared with large proteins of similar or better efficacy. The results of these studies provide us with grounds to believe that the optimized distribution of positively charged and hydrophobic amino acids based on an amphiphilic helical motif can help us in realizing such goals.
